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Project Whirlwind
Servomechanisma Laboratory
Massachusetts Institute of Technclogy
Cambridge, Massachusetts

SUBJECT: PRELIMINARY TESTS ON THE FOUR--CORE MAGNETIC-MEMORY ARRAY

To: 6245 Engineers
From: W. K. Papiar
Date: Junes 18, 1951

Abstract: Successful operation of a four-core magnetic-memory array
indicates the soundness of a nulti-coordinate storage and selec-
tion scheme. The ability of one core to retainm information in
the face of an unlimited amount of disturdbing activity was tec-ted,
and current-variatisn margins determined.

Brief Description

A four-core magnetic-memory array was built to demonatrate the
priaciple of rmlti-coordinate storage and selection. It consists of four
ozres arranged in a square, w'th cores seiected by the choice of x and ¥y
coordinates. The windings which determine vhather a binary ONZ or ZERD
ia written in the gselected core are, like the sensing windings, connected
together in the four-core planc and act, to some extent, like a x coordinate
of a Shreeecoordinate array.

The surrounding equipment consists of some more-or-less standard
test equipment, two specially Milt panels containing the x and y f£'ip-flops
end the gating and driving circaitry assoclated wiih the coordinate axes,
and some miscellaneocus panels adapted for this vrodblem, Figure 1 is a
photozraph of the cores and part of the rest of the equipment.

Two basic modes of operation have been tried. The first, in
which an information pattern was cycled indefinitely.around the four cores,
was successfully run but has tcsn adbandoasd in favor of ths pressat mode.
Ths operating mode now in use resemdles an elementary spot-interaction tect
as used by the storage-tudbe group. It consists of writing a dinary digit in
a given cors; then operating around the other cores for a large mumder of
cycles in a manner intended to "disturd” (tending to destroy) that informa-
+ion, finally returning to read the contents of the given core. This mode
has also been run successfully.



A-500!5

FOUR CORE, TWO-DIMENSIONAL
MAGNETIC MEMORY TEST SETUP

6 1

Dy



6345

Enginecring lote R-ll0h Page 3

Logical Design

In the logical layout of the equivment as ueed in the first
baeic mode of operation, a given information pattern was cycled around
the four cores. It was possible Sor the oscilloscope to "look at" %the
sensing outmut from the array (or any portioa of the array) (1) each
time a selected piece of information was being hondled, or (7) sach time
a selected core handled information. The plece of information in (1),
or the core in (2), could be selected by push button while any vattern
of information was cycling around the array.

The limited value of a test which renews the information in
a core after only two or three disturbances (caused by activity elsewhere
in the array) made it desirable to drop this first dasic operating mode
(information cycling) and subject the cores, instead, to a spot-interac-
tion type of vest which assessed thelr £bility to retain information in
the face of an uniimited amount of disturbancs.

Refer tn Figure 2 (by R. P. Mayer) for tha preasent scheme of
oparation. With the switch positions aes shown, the setup is ready %o
teet the ability of core 00 ¢ hold a ONE. The multividrator frequency
divider is allowed to run free and becomes a source of synchronous high-
‘and low-frequency pulses. Aftsr corrective short time delays, the pulses
are fed into the system. The low-frequency pulse firet goes to gate and
deley unit 3a and thence to trigger the cacillozcore. It then nnases
through coder 1 to preset flip-flopsl, 2, 3, 5, and 6 to ZERO, ZERO, ZFRO,
ONE, and ZERO respectively. Ths first of the block of high-Treguency
pulres emenating from the pnise-block former passes through switch 2 and
gate 2 and sets FFi to a ZFRO. One read-write cycle is performed on core
00 from r-ad-wriie control (gate 8 is on), after which FF3 is set to a
ON% (turning off gate 8), to remain that way until the major cycle is over
and another low~freguancy pulre comes along. The skip circult sees to it
that core 00 ias not salected agaln for the rest of the major cycle, and
gate & prevents any writing activity for the same period. The openiag of
switch 7 momentarily during operation ensures that a ONE is written into
cors 50. This core may de selected either once for every low=freguency
pulse (once each major cycle - binary counter set to 20), every 2 or 4 majo-
cycien (binars zsantsr set t3 2* or 2°), or once oach time a button on the
rash button synchrenizer is pushed (switch 1 open).

The ability of core 00 to hold a ZERD 1s tested by reversing
ewitches 2 and 3 and momentarily closing switch 6 during operation. The

selected tnst core may be cther than 00, as determined by the settings of
switchss ! snd 5.
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The Cores

The cores uow in this array are cesignated ag MT7 €LEL by the
supplier, the Allegheny Ludlum Steel Corp. They consist of 10 ftuzne of
Silectron tape 1 mil thick and 1/8 inch wide; the resultant rings have a
mean length of 4.24 cm, a crosm-sectional area about 0.0l sq cm, and au
inside diameter of 1/2 inch. They are encased in slightly oversised
vlastic containers, and wound with five 25-turn windinges and one 10-tuin
winding of #30 mognet wire.

The raterial Silectron 1s a standard electrical steet steel
with a special snneal designed to produce the B-H cliarzcteristic of
Figure 3. The successful metallic core used in the experinental work cn
individual cores (see Report R-192) was made of the eame material.

Circuitry

The 25-turn magnetizing windings on the two cores comprising
one selecting coordinate are connected in series with a 10C-ohm resistor
as the plate load of one section of & BAS7. The resistor makes it poe-
sible to "look at" the current flowving through the windings. A 500-ohm
rheostat in the cathode circuilt of the GAS7 section 1s used to vary that
current. The BAS7 se=ction is driven by one section of a 2051 which in-
verts the waveform coming from the GAS6E gate tube. Tigure U shows one
channel of the nine in use. Ths GAST section puts from about 40 ma to
Just under 1/4 amp. through the core windings, depending on the cathode
rheostat setting. The rise time of the current waveform is well under
1/2 microsecond; it may be lengthened by shorting the choka in the plate
load of the 2C5)1 and adding some capacitance.

The fifth 25-turn winding on each core is the sensing windings
the four of them are connected in series-aiding to deliver the output fron
the array. The 10-inrn windings are connected with alternating polarities
for a speclal test.

Results and Conclusions

In general, operation was stabl: and with good margins.

The adjustment for optimam operation was decided in an arbitrary
manner as the compromise between signal ratios and responss times that
seemed most pronising. Figare 5§ -ammarizes these rssulias, It shows the
effect of disturbing activity (dateraction) on informsation retention. Dis-
turbed-signal ratios, for diff:rent amounts of disturbance, may also be ce-
rived from these scope trace..
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(b) AFTER 50 READ CYCLES

(THE OUTPUT SIGNAL FROM
THE ARRAY UPON SELECTION
OF CORE 00 — AFTER A
NUMBER OF READ CYCLES
AROUND THE REMAINING
THREE CORES)

Sps

(THE OUTPUT SIGNAL FROM
THE ARRAY UPON SELECTION
OF CORE 00 — AFTER A

NUMBER OF WRITE-ONE CYCLES

AROUND THE REMAINING
THREE CORES)

EFFECTS OF DISTURBING ACTIVITY
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INFORMATION RETENTION
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toat of the deterioratinm of information occurs in U.a
first few cycles of dlasturdbing activity: as much rednction in tha
output of a ONE occurs during the firast 50 eycles as during the fol-
lowing 350 cycles (compare a, b, and c of Figare 5); alncst all of
the incresse in the output of a ZERO occurs in the first £0 cycles
(4, e, and f). When the setup was operated by push utton, there was
no significant deterioration beyond 0O cycles of disturding activity.

The disturbed-signal ratio, as taken on an area basis from
Filgure 5, is about 7; taken on an ammlitude basis at 6 or 7 micro-
seconds after the start of the pulses, it 1s much higher and becomes
difficult to determine becmase the ZERO output has iropped by then to
too low a value to measure.

Figure 6 indicates the resuiis of using altsrnating-rolarity
sensiag colls for the reduction of non-selecting noise. This noiae 1a
Jugt the output from thoss cores which are in the same row ér column
as the selected core, ard, consequently, receive halif-value maznstizing-
force pulses. “hen the windircs arc connected in series (aiding) the
non-selecting vulses all add to the output from the selected core, the
most serious effoct being to inorease the sigze of the ZERO output. The
differencs in amnlitude of the ZERO output pulses (indicated by small
arrows) is a measurs of the effectivensss of alternating the volarities
of sensing windings. Ths difference would be much larger in a large
array.

One form of marginal check on the atabllity of operation of
the array was made. It consisted of lowering and ralsing the smplitudes
of the currents through the selecting windings, and obdserving signal
ratios, It was found that all coordinate currents could de ralsed above
an arbitrary optirmm setting by 20% before signal ratios decame mar-
ginal, and by 25% befors the informatio:.. patterns became completely un-
stable. Currents could be lowered to 20;:010\1 the optimum setting,
at which point Gperatiocn bdecame unstadle in the surrounding equipment
end response times became about 35 microseconds. It was vossidle to
hold the coordinate currents to within + 5% of each other during these
tests.

The main result of the preliminary tests on the four-core
array 1s verification that the scheme of mul ti-coordinate storage and
selection with magnetic cores is fundementally sound. The unit is not
as basic a tool as the single-core (coincident-current) tester, but it
nakes a falr demonstrator for the scheme. Design, development, and
operation of a significantly larger array (at least 64 cores) iz needed
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in order to assess the ultimate practicability of arraye conta:ining
thousande ¢f cores, Such work should be dons on a design level aimed
at Whirlwind standarde in order to assure that pertinent problems

will be uncovered and solved.
' \ 'Sy
Signed.......,““””i. L IaVEN

. wo N. Papian

Appmved.ﬂ/m"»

R. R. Everett

WRP:ap

Drawvings:
A-50015
SB-36705-~2
A-38999-G
A-36068
A~36886
A-3€885



rmed Services Technical Informatior ﬂgem;,&,

. Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to other requesters. Your cooperation

will be appreciated.. A

* NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ZRE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

{ “NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE

GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER

PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR . PERMISSION TO MANUFACTURE,

USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

Reproduced by
DUCUM_ENT SERVICE GENTER

T ——




	0001
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016

